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PRODUCTION OF CLAVIFORMIN BY SOIL PENICILLIA! 
By A. G. LocnuHeEap’, F. E. CuHase’, anp G. B. LANDERKIN® 


Abstract 


Of various strains of fungi isolated from soil that showed antibiotic activity 
against Gram-positive and Gram-negative bacteria, two species of Penicillium, 
producing culture filtrates of high antibacterial titre, were studied in more 
detail. The active substance, when crystallized, was considered to be clavi- 
formin (clavacin, clavatin, —, Studies on the production of the anti- 
biotic, its assay, and its extraction from culture filtrates are described. 


Introduction 


In 1942 Wiesner (18) reported the concentration of a substance from 
culture filtrates of Aspergillus clavatus that inhibited growth of Staphylococcus 
aureus. Waksman, Horning, and Spencer (17) likewise found the same 
fungus to yield an antibiotic substance, obtained as a crude concentrate,. that 
was active against a variety of Gram-negative, as well as Gram-positive, 
bacteria and that was named clavacin. At the same time Chain, Florey, and 
Jennings (4) isolated from culture filtrates of Penicillium claviforme a crystal- 
line compound, active against Gram-negative and Gram-positive organisms, 
to which the name claviformin was given. In 1943 Anslow, Raistrick, and 
Smith (1) and Raistrick et al. (13) reported the isolation of patulin, an anti- 
biotic substance produced by Penicillium patulum and P. expansum, obtain- 
able in crystalline form, with the empirical formula C;H,O,, and for which 
the structure anhydro-3-hydroxymethylene-tetrahydro-u-pyrone-2-carboxylic 
acid was proposed. 


From the metabolism solution of Wiesner’s strain of A. clavatus, Bergel 


et al. (2) isolated, as a crystalline entity, an active substance to which the . 


name clavatin was applied and that was found identical with claviformin. 
Furthermore, Bergel et al. (3) established the identity of clavatin with patulin, 
which latter was shown by Chain et al. (5) to be similar to claviformin. In 
the meantime Hooper et al. (9) reported clavacin to be identical with patulin, 
a finding confirmed by Katzman ef al. (11). It.appears, therefore, that 
claviformin, clavacin, clavatin, and patulin are the same substance. Since 
claviformin appears to have been the term first used for the crystalline material 
this name is used in this report. 


1 Manuscript received October 9, 1945. 


Contribution No. 208 (Journal Series) from the Division of Bacteriology and Dairy 
Research, Science Service, Department of Agriculture, Ottawa. 


2 Dominion Agricultural Bacteriologist. 
3 Agricultural Scientist. 


me 
| 
‘ 
j 
; 
| 
i 
| 
| 
j 
| 
| 
- 
| 


CANADIAN JOURNAL OF RESEARCH. VOL. 24, SEC. E. 


In addition to the fungi mentioned, Aspergillus giganteus was found by 
Florey, Jennings, and Philpot (7) to produce claviformin. Karow and 
Foster (10) also found the same active material in culture filtrates of species 
of Gymnoascus and Penicillium, while Kent and Heatley (12) reported its 
production by Penicillium urticae and Aspergillus terreus. 


It is generally agreed that claviformin is toxic at concentrations that make 
therapeutic use unlikely for injection into animals. Less is known as regards 
its value for external use. That it may have possible value as an antifungal 
agent is suggested by the recent findings of Herrick (8), particularly since 
most fungal diseases of-man and animals are local and superficial. Its action 
against other fungi im vitro, including plant pathogens (1, 15, 16), suggest 
possibilities for further application. The present report deals with studies 
on the production, assay, and extraction of claviformin formed by penicillia 
isolated from soil, which were found to be active producers of this antibiotic. 


Experimental 


Though several species of fungi isolated from soil were found to yield a 
substance regarded as claviformin, studies were confined to two species of 
Penicillium (No. 4 and No. 08) isolated from samples of garden soil stored at 
25° C., which had received, respectively, weekly additions of suspensions of 
Salmonella typhi-murium for three months, and Pseudomonas aeruginosa for 
10 months. Isolations were made by plating on glucose-nitrate agar. Prelim- 
inary tests indicated pronounced antibacterial effects against a variety of 
Gram-negative bacteria as well as Staphylococcus aureus. Culture filtrates 
of the fungi grown in modified Czapek-Dox medium (6) showed a high anti- 
bacterial titre, inhibiting S. aureus usually at 1-320, and Escherichia coli at 
1-640 dilution. Since No. 4 occasionally gave titres against E. coli of 1-1000, 
chief attention was given to this mould. 


Method of Assay 


To measure the antibacterial potency of antibiotic solutions a more accurate 
procedure is required than that provided by the serial dilution method, which 
is not only laborious, but gives at best an approximation. The procedure 
adopted was the cylinder-plate method of Schmidt and Moyer (14) for 
penicillin assay, using E. coli as test organism in place of S. aureus. Both 
organisms were used in the earlier experiments, but, since results were 
analogous, assays were continued with E. coli alone. 


Since the diameter of the zone of inhibition by the cylinder-plate method is 
not directly proportioned to the antibiotic potency of the test solution, for 
purposes of comparison a system of evaluation based on arbitrary units was 
used. Measurement of the zone of inhibition produced by definite dilutions 
of a wide series of culture filtrates made it possible to establish a standard 
curve based on assigning an arbitrary value of 10 units to an inhibition zone 
of 25 mm. diameter (Fig. 1). By using appropriate dilutions, satisfactory 
evaluation could be made of unknown solutions. 
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The relation between the inhibition zone by the cylinder-plate method and 
the bacteriostatic potency as determined by the serial dilution method varies 
with the antibiotic and with the test organism. Though inhibition zones 
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a 1. Standard curves for S. aureus and E. coli for assay of potency by cylinder-plate 
method, 


against S. aureus and E. coli are of approximately equal diameter, serial 
dilution tests, whether on the culture filtrate or the crystalline material, 
showed that the active principle possesses considerably greater antibacterial 
potency against E. coli than against S. aureus (cf. Table IV). 


Production of Antibiotic Substance 


The solution for production of the antibiotic, used as control medium in 
the experiments, was the modified Czapek-Dox solution described by Clutter- 
buck, Lovell, and Raistrick (6), consisting of glucose, 40 gm.; sodium nitrate, 
3 gm; potassium dihydrogen phosphate, 1 gm.; potassium chloride, 0.5 gm.; 
magnesium sulphate heptahydrate, 0.5 gm.; ferrous sulphate heptahydrate, 
0.01 gm.; distilled water, 1000 ml. The medium was dispensed in 80 ml. 
quantities in 300 ml. Erlenmeyer flasks, sterilized (pH = 4.0), .inoculated 
(1 ml. per flask) with a spore suspension of the mould prepared from cultures 
varying from 5 to 20 days old on Czapek-Dox agar, and incubated (unless 
otherwise specified) at 25°C. For the assay the contents of duplicate flasks 
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were mixed, filtered, and appropriate dilutions used for the cylinder-plate 
tests. 


Effect of Temperature 

The effect of temperature of incubation on production of claviformin by 
Penicillium sp. (No. 4) is shown in Fig. 2. Though relatively little difference 
was noted between 20° and 25°C., production of the antibiotic was much 
decreased at 30°C. No growth of the mould occurred at 37° C. 
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Fic. 2. Effect of temperature on production of claviformin. 


Carbohydrate Source 


The results of comparative tests with glucose, sucrose, lactose, starch, and 
dextrin as source of carbohydrate are shown in Fig. 3. Glucose proved the 
most suitable carbohydrate of those used for antibiotic production, giving a 
maximum of over 100 coli units per ml., corresponding to a titre of approxi- 
mately 1-800 by the serial dilution method. With lactose, production failed 
to reach its peak during the course of the experiment. 

Effect of Addition of Extracts 

The production of certain antibiotics (e.g. penicillin) is known to be stimu- 
lated by the addition of corn steep liquor to the culture medium. Katzman 
et al. (11) found that the yield of claviformin (clavacin) by Aspergillus clavatus 
was improved by adding corn steep liquor or yeast extract. The effect of 
various extracts on claviformin formation by Penicillium sp. (No. 4) was 
studied in a test in which 1% yeast extract, 8% corn steep liquor, and 20% 
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soil extract were incorporated respectively in the Czapek-Dox solution. Soil 


extract was prepared by autoclaving 1 kgm. soil with 1 litre of water and 
filtering. 
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Fic. 3. Effect of carbohydrate source on production of claviformin. 


The results, shown in Fig. 4, indicate that claviformin formation was 
depressed by both yeast extract and corn steep liquor. With soil extract no 
such effect was noted, a higher maximum being reached than in the control 
solution. During the period of active claviformin production the solution 
remains acid (below pH = 5). The rise in pH value above 5 as the culture 
ages is associated with a decline in the antibacterial potency. 


Effect of Heavy Metals 


The effect of replacing the iron in the Czapek-Dox solution, in whole or in 
part, by other heavy metals was studied in an experiment in which manganese, 
zinc, and copper, used both singly and in combination with iron, were com- 
pared with iron alone. The metals were all employed as sulphates (iron as 
ferrous sulphate), in concentration of 0.001% when used alone or 0.0005% 
in combination to maintain the total concentration of metallic salts at approxi- 
mately the same level. As noted in Table I, maximum claviformin production 
was attained with iron alone, manganese being somewhat less favourable. 
The different effects of the various metals on the metabolism of the mould 
are reflected also in the pH values. Though zinc, alone or with iron, favours 
more rapid formation of the antibiotic than copper, the increased pH of the 
solution causes a more rapid decline in potency than in the presence of the 


6 CANADIAN JOURNAL OF RESEARCH. VOL. 24, SEC. E. 


latter element, the inclusion of which maintains a continued acid reaction 
accompanied by more gradual production of the antibiotic. 
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Fic. 4. Effect of various extracts on production of claviformin. 


TABLE I 


EFFECT OF REPLACING IRON, IN WHOLE OR IN PART, BY OTHER HEAVY METALS ON PRODUCTION 
OF CLAVIFORMIN BY Penicillium sp. (No. 4) 


Coli units per ml. and pH 


Incubation, days 
Metal, as sulphate* 


3 5 8 10 13 
Units pH Units pH Units pH Units pH Units pH 
Fe (FeSOu, as in Czapek- 

Dox; control) 15 4.8 51 4.2 100 4.2 76 4.8 50 6.1 
Mn 16 4.2 59 3.7 81 3.7 71 3.9 62 3.9 
Zn 7 4.5 20 4.2 42 4.4 42 5.1 7 7.2 
Cu 0 4.4 2 3.7 17 3.6 12 3.4 15 3.2 
Fe + Mn 12 4.5 37 4.1 76 3.9 66 4.1 58 4.0 
Fe + Zn 9 5.4 42 4.9 36 5.4 19 6.8 ee ik 
Fe + Cu 1 4.6 21 3.8 39 3.5 43 3.1 49 3.1 


* Concentration: used singly, 0.001%; in combination, 0.0005%. 
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Stationary vs. Shaken Cultures 


Antibiotic formation in stationary (surface) and shaken (submerged) 
cultures was compared in a series of tests using three media. The results 
(Table II) show that for the mould in question, claviformin production was 
greater in surface culture, though under submerged conditions excellent growth 
was obtained. 

TABLE II 


PRODUCTION OF CLAVIFORMIN BY Penicillium sp. (No. 4) IN STATIONARY 
(SURFACE) AND SHAKEN (SUBMERGED) CULTURES 


Coli units per ml. 

Medium Cultures Incubation, days 
2 4 6 8 10 
Czapek-Dox Stationary 2 35 46 66 42 
Shaken 0 5 6 10 6 
Czapek-Dox + Stationary 3 36 60 70 42 
soil extract Shaken 2 2 13 26 25 
Raulin-Thom Stationary 1 21 40 66 39 
Shaken 0 0 3 12 7 


Extraction of Active Substance 


Larger scale experiments to note the suitability of various solvents for 
recovery of the active substance were carried out in 2000 ml. Erlenmeyer 
flasks containing 500 ml. culture fluid, inoculated with 10 ml. spore suspension. 
Active cultures (pH not over 5.0) were filtered through paper, the contents 
of four flasks being usually combined for each trial. The results of 25 
experiments, including treatments with different solvents are summarized in 
Table III. 

TABLE III 


EFFECT OF VARIOUS PROCEDURES ON EXTRACTION OF CLAVIFORMIN FROM 
CRUDE CULTURE FILTRATES (Penicillium sp. No. 4) 


No. of Recovery of Coli units 
e active substance | per mgm. crude 
(average), % | residue (average) 


Treatment of culture filtrate trials 


Direct extraction —ether 1 6 — 
Direct extraction —chloroform 1 2 _ 
Concentration —ethyl acetate extraction 2 84 20.9 
Darco adsorption —acetone elution 2 49 8.7 
Norit adsorption —acetone elution 7 44 §.3 
Norit adsorption —ether elution 2 14 _: 
Norit adsorption —ethanol elution 2 21 5.0 
Norit adsorption —chloroform elution 3 18 28.4 
Norit adsorption —ethyl acetate elution 5 75 25.6 
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The most convenient treatment included adsorption of the active material 
on charcoal (1.5%) followed by elution, generally with a total of 200 to 300 ml. 
of solvent per litre of original culture, added in three or four successive treat- 
ments. Of the various solvents used ethyl acetate proved the most effective, 
permitting an average recovery of 75% of the active principle (maximum 
91%). Acetone was less effective while much smaller recovery was obtained 
with ether, ethanol, or chloroform. In all cases evaporation of the eluate 
left a brownish, somewhat gummy residue, which was darker in proportion 
to the amount of inert material extracted. As noted in Table III, the crude 
residues from ethyl acetate and chloroform contained much higher concentra- 
tions of claviformin than those from other solvents, assaying approximately 
50 to 60% pure substance. (Crystalline claviformin = 48 coli units per 
mgm.). Crystals were most readily obtained by concentrating the warm 
ethyl acetate solution to small volume and holding it overnight in the refrigera- 
tor. Culture fluids assaying 70 to 80 coli units per ml. permit the recovery 
of approx. 1.0 gm. per litre. 


Properties of Crystalline Material 


The re-crystallized substance melted at 112°C. and analysed as follows: 
C 54.82, 54.82; H 3.99, 4.01 (theoretical for C;7HpO4:C 54.55, H 3.93). 
It was found to reduce Fehling’s solution and to decolorize permanganate. 
A 1-2000 solution in water showed no reduction in potency after being auto- 
claved for 15 min. 


The bacteriostatic effect of the crystals on various species of bacteria as 
determined by the serial dilution method, using nutrient broth (total volume 
5 ml., inoculated with 3 mm. loopful of 24 hr. culture; readings after 24 hr. 
at 37°C.) is shown in Table IV. Considerably greater antibacterial effect 
was noted against the Gram-negative species tested than against S. aureus 
with the exception of P. aeruginosa, which was considerably more resistant. 


TABLE IV 


BACTERIOSTATIC ACTION OF CRYSTALLINE CLAVIFORMIN PRODUCED BY TWO 
PENICILLIA ON VARIOUS ORGANISMS 


Highest dilution inhibiting growth 


(nutrient broth) 
Test organism 


Claviformin from Claviformin from 

Penicillium No. 4 Penicillium No. 08 
Staphylococcus aureus 490 (F.D.A. 209) 120,000 120,000 
Escherichia coli 117 300 ,000 240 ,000 
Pseudomonas aeruginosa 499 10,000 <10,000 
Eberthella typhosa 421 400 ,000 400 ,000 
Salmonella typhi-murium 440 240 ,000 200 ,000 
Salmonella paratyphi 232 300 ,000 200 ,000 
Shigella alkalescens 498 200 ,000 120,000 
Proteus vulgaris 497 300 ,000 200 ,000 
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Toxicity tests were made with crystals from Penicillium No. 4 and also 
with apparently similar crystals (m.p. 111° C.) obtained from culture No. 08. 
In both cases the lethal dose for mice was 0.1 to 0.2 mgm. by intraperitoneal, 
and 0.2 to 0.4 mgm. by subcutaneous injection. In these respects the action 
agrees well with that reported for claviformin, clavacin, and patulin. 
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TREATMENT OF EXPERIMENTAL MOTION 
SICKNESS IN HUMANS! 


By R. L. Nose? 


Abstract 


Experiments have been conducted on the production and treatment of motion 
sickness on human volunteers. Of 369 men tested after treatment by a placebo, 
56.6% vomited. Tests were repeated at weekly intervals on 183 susceptible 
individuals so that 661 tests were performed. Repeat tests on 24 subjects not 
susceptible after treatment with a placebo showed that 12% were ill when no 
treatment was given. Ten susceptible subjects were swung through only one- 
half the usual degree of swinging. Of these eight vomited. This procedure 
selected persons a marked susceptibility to motion sickness. 


The consistency of the time of vomiting was determined by 106 tests on 65 
susceptible men. In repeated tests after a placebo only eight were 13 min. more 
than the control test. For assaying drugs a standard procedure was adopted. 
Susceptible individuals were classed as those who, after taking a placebo, 
vomited before 30 min. of swinging. A susceptible individual was considered 
protected if in a test a week later he did not vomit and remained swinging for 
13 min. longer than his control time. Improvement was present if a person 
vomited but the time was 13 min. longer than the control. In no case was 
swinging less than 30 min. 


The effect of a number of barbiturates on swing sickness has been determined. 
The most effective was V-12, ethyl-6-methylallylthiobarbituric acid, when 
administered in a divided dose of a total of five grains. In this case 78% were 
protected or improved. With a single dose of three grains 26% were similarly 
affected. V-17 (allylisoamylbarbituric acid)—two grains, V-16 (dicrotyl- 
barbituric acid)—three grains, V-15 (allyl-sec-butylbarbituric acid)—one grain, 
V-14 (ethylcrotylthiobarbituric acid)—two grains, V-9 (n-butyl-1-methylallyl- 
thiobarbituric acid)—nine grains, and sodium amytal—one grain, showed less 
or no effect. Hyoscine hydrobromide in single doses of 0.4 and 0.65 mgm. 
showed 31 and 50% protected or improved respectively. The R.C.N. remedy 
gave a figure of 58%. After removal of nicotinic acid from the R.C.N. mixture 
60% were benefited.. Nicotinic acid alone, or pretreatment with thiamin gave 
no protection. 


A combination of three grains of V-12 with hyoscine was more effective than 
when either drug was used alone. With a dose of five grains of V-12 and 
hyoscine the results were only slightly better (80%) when compared with the 
same dose of V-12 alone (78%). It is suggested that the most effective form 
of administration of V-12 may be by divided doses of two and one-half grains 
twice daily for at least 24 hr. previous to exposure to motion. 


Previous papers (1, 2) have described some of the factors causing motion 
sickness and the methods used to test therapeutic measures in experimental 
Tests on dogs in 1942 showed that certain drugs were highly 
effective in preventing motion sickness and it was of importance then to 
determine how they would act on humans. 
study was begun in an effort to find barbiturates that might exert a specific 
action on the brain centres involved in motion sickness. Early experiments 
on animals showed that the protective effect of barbiturates was a specific 
type of action and not necessarily related to the hypnotic or anaesthetic 


Manuscript received July 26, 1945. 


Contribution from the Research Institute of Endocrinology, McGill University, Montreal, 
Que., with financial assistance from the National Research Council of Canada. 
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properties of the compound. Furthermore, prevention of vomiting could be 
accomplished in 100% of susceptible animals with no untoward symptoms of 
the drug being noted. Many barbiturates were highly active, as will be 
described in a separate paper. The problem that arose, therefore, was to 
determine which barbiturates would be best tolerated by humans and would 
exert the most beneficial action. To select such a compound it was decided 
to perform therapeutic tests on human volunteers on the swing. Suitable 
compounds selected could then be tested on air or sea trials. 


When the first barbiturates that protected dogs were described, a number 
of investigators had swings and facilities for conducting therapeutic tests on 
humans. Such compounds as V-1 (ethylallylthiobarbituric acid), V-5, 
(ethyl-1-methylbutylthiobarbituric acid), V-7 (ethylisoamylthiobarbituric 
acid), V-8 (ethyl-n-hexylthiobarbituric acid), and V-9 (n-butyl-1-methylally- 
thiobarbituric acid) were tested and have been included in various reports. 
No doubt these results will be published in the future. The present paper 
describes tests on humans performed at a later date when three electrically 
driven swings were available at McGill University. From a consideration of 
the results of experiments previously described on dogs, it was decided to 
adopt somewhat similar arbitrary standards for humans. The method of 
selecting susceptible individuals and that used for testing barbiturates will 
be described in the first part of the paper. Throughout this work it was 
never possible to have adequate numbers of volunteer subjects and many of 
the groups tested were too small to yield anything but suggestive results. 
The co-operation and help of the authorities in making it possible to obtain 
volunteers was greatly appreciated. Two groups of volunteers were tested, 
one from Reserve Army units in Montreal and the other of students of McGill 
University. These individuals are to be thanked for the inconvenience and 
discomfort that they allowed to make these experiments possible. Many of 
the tests had to be conducted in the evenings and the technical assistance 
rendered by Mr. A. Battista, then a medical student, was greatly appreciated. 
A study of the reliability of the swing test on motion sickness was made on 
the first 77 volunteers and was reported to the National Research Council 
by H. H. Jasper, A. Battista, M. Bornstein, and R. L. Noble (3). A con- 
tinuation and extension of these observations form the basis of the standards 
for testing to be described in this paper. 


The therapeutic measures to be discussed include a number of barbiturates 
and it is of interest to describe the rationale for their use. The first com- 
pound shown to be highly effective in dogs was V-1, referred to previously. 
This compound possessed only moderate potency as an hypnotic so that it 
was expected that tests on humans could be conducted without any side . 
effects being present. Unfortunately, tests showed that the dose could not 
be increased beyond five grains without causing undesired reactions. A 
number of compounds were then tested that had very low hypnotic properties 
in animals, but were still quite active in protecting against sickness. Such 
examples were V-7, V-8, and V-9. When tested on humans, however, it was 
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found that even in doses up to nine grains little evidence of protection was 
seen. Apparently the dog was much more readily treated than the human. 
A new type of barbiturate was then introduced to get around some of the 
difficulties. It was found in animal tests that certain compounds were highly 
active against sickness but also had convulsant rather than hypnotic pro- 
perties. The convulsant action was typically produced in rats. Such a 
compound, V-12, ethyl-@-methylallylthiobarbituric acid, was introduced in 
the hope that its protective action was powerful enough to act in humans and 
that its convulsant rather than hypnotic action would allow a sufficient dose 
to be given without side effects. Results with V-12 and other barbiturates 
will be described. For comparative purposes tests have been conducted with 
hyoscine and hyoscyamine mixtures and with a mixture introduced by the 
Royal Canadian Navy. The effectiveness of these drugs had previously been 
described by other workers. 


Methods 


Only the general methods used in the tests will be described here since the 
special conditions are included with the results. Three electrically driven 
swings designed by Major A. Cipriani, as previously used for animal tests, 
have been used to cause motion sickness. The individual to be swung sat 
in a special seat with back, head rest, and foot support. The head was 
slightly flexed and fixed so that a line from the external auditory meatus to 
the outer canthus of the eye was parallel to the floor. The individual’s head 
was approximately 2 ft. above the platform of the swing (Plate I). The 
radius of the swing was 14} ft. and it completed 15 complete to and fro swings 
per minute. For all comparative tests the swinging was through an angle of 
90°. Swinging was continued for periods not shorter than 30 min. unless the 
individual vomited. The individual was urged to continue until he vomited, 
since this was the only criterion used for susceptibility, and all individuals 
were found to obtain symptomatic relief by vomiting. Volunteers were used 
for repeated tests; as far as possible three or four tests were performed on the 
same person. In some cases swinging was performed six times. Tests were 
made at intervals of one week in order to prevent adaptation. The time of 
day of each test for an individual was the same, so that the relationship to 
the taking of meals would be constant. It was impossible to isolate the men 
for the tests so that other individuals were often waiting for a short time in 
the same room as the swings. The swings were separated by a partition so 
that no person on the swing could see another individual vomiting. The 
men were told that most people became sick after swinging and that they were 
not to try and prevent vomiting. Each was given capsules before every test. 
In testing for susceptibility, placebos of lactose were used. The individual 
was told that the tests were to compare the effectiveness of different drugs, 
and that he would be given one on every occasion. In only one test to be 
described, no therapy was administered. 
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Results 
Incidence of Sickness 


For all the experiments it was possible to test 109 army men and 260 
students. Of these 60 and 55%, respectively, vomited and were classed as 
susceptible to motion sickness. Taken together out of the group of 369 men, 
209 were ill, giving an incidence of 56.6%. Of the susceptible individuals 
26 dropped out after the first test. The remaining 183 men were swung 661 
times, 14 on six occasions, 10 on five, 84 on four, 42 on three, and 33 only 
twice: The incidence of vomiting was recorded in different age groups. Of 
the students 110 were under 20 years of age and 53% were susceptible. The 
army group showed a greater range of ages so that of 28 men from 18 to 29 
years of age, 60% were susceptible. From 30 to 39 years, of 51 men 53% 
vomited. Of 23 men over 40 the incidence was 74%. This last figure suggests 
that the frequency of swing sickness may increase after 40 years of age. 

Some experiments were performed on the non-susceptible students. These 
individuals had completed 30 min. on the swing after treatment with placebo 
in their first test. In one experiment 70 students were given a placebo in a 
pink capsule for their first test—of these 50% vomited. The main group with 
ordinary white placebo gave a susceptibility rate of 57%. This test was 
run at a time when the protective action of pink capsules against seasickness 
was widely publicized. Twenty-four students were swung again a week 
later but without any treatment. Of these three vomited on the second test. 
This would suggest that 12% may have been protected by placebo treatment. 
On the other hand it may represent the number of individuals whose time of 
vomiting varies from 25 to 35 min. Of the group re-tested without treat- 
ment, 11 of them had received a pink placebo the first time. One of these 
vomited on the second test. The psychological effect of treatment with 
placebo in these tests therefore could not be greater than 12%. The use of 
pink placebos did not enhance their value. 


In initial tests an attempt was made to relate susceptibility on the swings 
to any previous history of motion sickness. The use of a questionnaire was 
found unsatisfactory and it was not possible to obtain details of the previous 
history from every individual. From general questions, however, one con- 
clusion was drawn. Men who had had considerable experience at sea in 
rough weather, and a few who had flying experience, and who stated that they 
were quite immune, were frequently sick after only short periods of swinging. 
In other words, the motion of the swing seemed a much more effective stimulus 
in these cases. This discrepancy in susceptibility between seasickness and 
swing sickness seems the same as that described for dogs in a previous paper 
(1). Individuals who had definite histories of motion sickness in boats, cars, 
or on devices in amusement parks, were practically always made sick by 
swinging. 

Various workers have attempted to use swings for the purpose of preselect- 
ing susceptible individuals so that they could be suitably placed in the various 
branches of the armed services. In general, these tests have not given an 
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indication as to how an individual would later react to motion at sea or in 
the air. From the observations mentioned above, it was believed that the 
swings used created too severe a test and so would tend to classify too many 
individuals as susceptible. Furthermore, an incidence of 56.6% sickness on 
the swings after 30 min. is obviously a high rate when compared with figures 
for seasickness. The observation (1) that the most susceptible dogs could be 
made ill when swung through an angle as small as 223° suggested that humans 
might be tested with reduced swinging. Ten subjects who seemed especially 
susceptible to the full swing were selected, and were then swung through an 
angle of 30° instead of 90°. This was the greatest reduction in swinging that 
could be accomplished without having to shut off the electric-motor—driving 
mechanism. With the reduced swing 8 of the 10 men vomited, the two who 
did not were very nauseated. The average times of vomiting were 10} min. 
for the full swing, and 14} min. on the reduced swing. This result suggests 
that, as with dogs, it is possible to select highly susceptible individuals by 
using reduced swinging. One would expect that such persons would be the 
ones who would show sickness from other forms of motion. From the services 
point of view preselection of such cases by swing tests might prove to be of 
value. 


Consistency of Results 


At the time when the therapeutic tests were started on humans no standard 
technique in use appeared entirely satisfactory. In some reports susceptible 
individuals were classed as those who vomited, felt nauseated, or asked to 
have the swing stopped. These ‘susceptibles’ were then re-tested after a 
week or less following treatment. If the individual was now swung for 30 
min. without vomiting or with less symptoms he was classed as protected or 
improved. In many cases the time on the swing was the same or only a few 
minutes longer than in the initial test with the placebo. An attempt was 
made to incorporate more rigorous standards and to determine the reliability 
from repeated swing tests. A report was made on 77 men (who were swung 
twice at an interval of one week), after placebo treatment (3). A susceptible 
individual was classed as one who vomited or felt severely ill in 30 min. Of 
this group 39, or 51%, were susceptible in both tests. Six men were susceptible 
on the first test but not on the second, whereas three men were susceptible 
only on the second test. If one considered only the first test there were 45 
men, or 58.5%, classed as susceptible. Of these, six, or 13.5%, would not 
have been susceptible on a second test or would have given an erroneous 
test it used for therapeutic experiments. When the times of vomiting for 
the two swingings were compared it was found that six men were able to 
stand the second swinging for 10 or more minutes longer than they did the 
first swinging. 

A continuation of this study was made on 65 individuals. These were 
selected after a single treatment with placebo but vomiting was used as the 
only criterion of susceptibility. They then were re-tested once or more often, 
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with placebo, at weekly intervals. In all, 106 tests were conducted. The 
times of vomiting compared with those found in the initial test may be seen 
in Fig. 2. 

It may be noted that the times of vomiting are fairly close together, so 
that 54% of the repeat tests were within + four minutes of the initial time. 
In only 7.5% of tests did individuals go more than 13 min. of their control 
time. In 124 students the average time of vomiting was 15.7 min.; 27% 
showed times of over 20 min. Similarly, of the army group of 66 men the 
average time was 15.2 min. and 20% were more than 20 min. 

Vomiting times compared 


with those of first test, Percentage of tests 
min. 1 2 3 4 5 6 7 8 
+13 
112 
+10 21% 
+9 
+8 
+7 
+5 


Same, 0 «| 
— 2 
—4 
—6 
25% 
—10 
—12 


Less than 13 


Fic. 2. Comparison of times of vomiting in 106 repeat tests (on 65 individuals) with time 
found in initial test. 

On the basis of these tests a provisional standard technique was adopted for 
therapeutic tests and may be briefly stated. The swing used was of the dimen- 
sions described and swinging was through an angle of 90°. An individual was 
tested for susceptibility after being treated with a placebo. Anyone who 
vomited within 30 min. was classed as susceptible. Further tests were 
conducted at weekly intervals. After treatment with the various drugs to 
be tested any individual was considered to be protected if he did not vomit 
after swinging was continued for at least 13 min. longer than in the control 
test. In no case was swinging less than 30 min. Individuals were listed as 
improved if they continued on the swing for 13 min. more than their control 
test even though they eventually vomited. By using this standard it was 
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found that seven men had been sick on each of six swing tests. Two tests 
were with placebo, three after treatment with inactive drugs, and one after 
treatment with an active compound. Another group of five men had been 
swung six times. The final two tests in this case were with active compounds, 
one of which effectively prevented vomiting. The time of vomiting was 
prolonged after treatment with the other active drug. These results give 
some indication of- the consistency of the times of vomiting in repeated tests, 
and are listed in Table I. 


TABLE I 
TIMES OF VOMITING IN REPEATED TESTS 
Treated with placebo | Treated with inactive compounds Treated with active 

Vomiting times, min. Vomiting times, min. Vomiting time, min. 
1 5 4 6 4 9 12 
2 13 8 8 6 6 11 
3 9 9 2 5 6 6 
4 15 17 19 12 9 14 
5 13 13 13 11 7 8 
6 17 15 21 18 9 25 
7 7 10 17 12 4 7 
1 6 12 17 8 —_ 22 (30 protected) 
2 19 26 17 9 — 17 (30 protected) 
3 6 18 12 4 =- 24 (30 protected) 
4 18 24 20 10 —_ 31 (38 protected) 
5 18 17 17 12 -_- 35 (32 protected) 


These times of vomiting may be seen to be relatively consistent except where 
prolongation occurred after treatment with compounds known to be active. 
These individuals, however, probably represent a highly susceptible group 
and, from a consideration of the results obtained on dogs (2), one might 
anticipate consistent results. 


Effects of Barbiturates on Swing Sickness 


Therapeutic tests were first begun using volunteers from the Reserve 
Army. At this time no standard procedures had been worked out, so that 
these tests are listed separately. Effective compounds in these cases were 
ones that prevented vomiting in 30 min. in susceptible subjects, irrespective 
of the control time for vomiting. Some of these individuals could be classified 
as protected or improved under the new conditions, and they are listed 
separately for comparative purposes. The barbiturates tested were V-12 
(ethyl-8-methylallylthiobarbituric acid) and its sodium salt, V-9 (n-butyl-1- 
methylallylthiobarbituric acid), V-15 (allyl-sec-butylbarbituric acid), and V-14 
(ethylcrotylthiobarbituric acid). The doses used were three, nine, one, and 
two grains, respectively. Benzedrine sulphate (10 mgm.) was given at the 
same time as V-9 and V-15 to reduce hypnosis. The drug was given approxi- 
mately three hours before the swing test. The results are listed in Table II. 


| 


NOBLE: MOTION SICKNESS IN HUMANS 17 


TABLE II 


EFFECTS ON MOTION SICKNESS OF TREATMENT WITH BARBITURATES 


‘ ’ (New criteria 
Barbiturate No. | Dose, grains] 
° Protected, % | Improved, % 
V-9 9 10 10 0 0 
V-15 1 19 37 29 0 
V-14 2 19 37 25 0 
V-12 acid 3 27 37 26 22 
V-12 sodium salt 3 20 35 20 0 
\ These results indicate that V-9 was not effective in the dose used. V-15, 


V-14, and V-12 had definite protective action. When judged by the new 
criteria, V-12 acid seemed the most potent compound. Benzedrine, which 
was added to V-9 and V-15, was obviously without effect on motion sickness. 
Before the swing test each individual was questioned as to whether or not 
any side effects of the drug had been noticed. No effects of V-9 were found. 
With V-15 and benzedrine, five men-stated that they felt light-headed or 
sleepy, four complained of a drunken feeling or dizziness. After V-14, four 
men had mild complaints of sleepiness or a light-headed feeling. With V-12, 
three men felt slightly sleepy and three complained of dizziness. All these 
symptoms were classed as mild and led to no real discomfort or incapacitation. 


The results to be presented in the remainder of this paper were obtained 
chiefly on student volunteers and all the tests have been conducted in the 
standard manner described above. The results should therefore be directly 
comparable. Some other barbiturates were included in these tests, namely, 
V-16 (dicrotylbarbituric acid), and V-17 (allylisoamylbarbituric acid), and 
sodium amytal. These were given as single doses of three, two, and one 
grain, as previously described. Tests on V-12 were again repeated and the 
V-12 acid was also given with hyoscine hydrobromide, 0.4 mgm. These 
results have been calculated in a different manner as they were designed to 

) determine the value of the V-12 hyoscine mixture and of its component parts. 
The susceptible individual, therefore, was first tested with the mixture. If 
he was protected he then received in the next tests the hyoscine or V-12 alone. 
If the mixture did not protect, the subject was retested but with a higher 

’ dose, namely, five grains, of V-12 with hyoscine. In such a case the V-12 
was given in two doses; the initial dose of three grains was given with break- 
fast, the second dose of V-12 with lunch—some three to five hours before 
swinging. The hyoscine was taken separately one and one-half to two hours 
before the test. In evaluating these tests it has been possible by inference to 
increase the numbers for the test. Thus it has been presumed that an 
individual who was protected by three grains of V-12 and hyoscine would 
also have been protected by the larger dose of five grains and hyoscine. In 
estimating the effects of five grains of V-12, therefore, those protected by 
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three grains are also included. Similarly, for an individual who was not 
protected by V-12 and hyoscine, it could be assumed that the same dose of 
hyoscine alone would not be effective. Had sufficient numbers of men been 
available for testing, this procedure would not have been necessary. However, 
it is believed that the values expressed serve as an indication of the relative 
effectiveness of the various compounds. It should be pointed out that no 
evidence of any synergistic action or of one compound inhibiting the effect 
of another has been noted in any tests. These results are shown in Table III. 


TABLE III 


THERAPEUTIC TESTS WITH BARBITURATES 


Compound No. Dose, grains |No. of tests 
V-16 3 16 0 6.5 6.5 
V-17 2 15 6.7 13.3 20.0 
Amytal 1 16 6.5 6.5 13.0 
V-12 3 30 23 3.3 26.3 
V-12 | 23 65 13 78.0 
V-12 3 35 40 8.5 48.5 
+ hyoscine HBr. 0.4 mgm. 
V-12 sodium 3 12 33 8.5 41.5 
salt + hyoscine Hbr. 0.4 mgm. 
V-12 5 30 70 10 80.0 
+ hyoscine HBr. 0.4 mgm. 


These results show that in the doses used V-16 and sodium amytal had little 
effect on motion sickness. V-17 apparently had some protective action. 
V-12 alone was effective in a dose of three grains, to about the same extent 
as found previously, and as shown in Table II. When the dose was raised 
to five grains, the protective action was very marked. In this case, as 
previously noted, the dose was divided. It is believed that this may be an 
important factor in increasing the effectiveness of this compound. When 
V-12 was combined with hyoscine it was definitely more effective in the dose 
of three grains, but only slightly better when the dose of five grains was used. 
This effect might be anticipated when the results of hyoscine alone are con- 
sidered in the following section. A small number of men were given V-12 as 
the sodium salt with hyoscine. Apparently the effectiveness was about the 
same as when the acid was used. Despite this result the impression has been 
formed that the acid is the more effective and better tolerated form of this 
compound. Side reactions from the compounds used were again slight and 
transitory. No inconvenience or incapacitation in any way was experienced. 
A few highly susceptible individuals were given V-12 in three doses for a 
total of six or seven grains. These were given with each meal and the test 
was performed in the evening. In 5 of 10 tests protection or improvement 
took place, which was approximately the expected result from a dose of five 
grains. From some recent observations on cases of motion sickness it appears 
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that pretreatment of 24 hr. may give optimal results. In such cases a dose 
of two and one-half grains was given with a meal in the morning and afternoon. 
Taking V-12 with food reduces any side effects and probably prolongs its 
time of absorption. As will be pointed out in a separate paper, large daily 
doses in animals may tend to be cumulative. If V-12 is to be used for pro- 
longed periods, therefore, it is advisable to have some supervision. 

Effects of Hyoscine, Hyoscyamine, and Vitamins on Motion Sickness 

Comparative tests have been made using hyoscine alone and in mixtures 
and using nicotinic acid and thiamin. These tests were made subsequent to 
reports on their efficacy by other investigators. Hyoscine hydrobromide has 
been administered alone in a dose of 0.4 mgm. or 0.65 mgm. given one and 
one-half to two hours prior to the test. A mixture of hyoscine hydrobromide 
(0.3 mgm.), hyoscyamine hydrobromide (0.8 mgm.), and nicotinic acid (150 
mgm.) was tested as such, as was a combination of the first two ingredients 
without the nicotinic acid. The nicotinic acid was enclosed in an enteric 
capsule. The former mixture, put up in pink capsules, was developed by 
personnel of the Royal Canadian Navy Research Unit, Toronto, and was 
kindly supplied by them. It is referred to as the R.C.N. remedy. A modified 
form of this mixture was also tested. It was composed of hyoscine hydro- 
bromide (0.3 mgm.), hyoscyamine hydrobromide (0.6 mgm.), nicotinic acid 
(150 mgm.), and sodium amytal (65 mgm.), and is referred to as R.C.N.- 
amytal. These various mixtures were administered from two and one-half 
to three and one-half hours before the test. Nicotinic acid was tested alone 
in a dose of 100 mgm. given 15 min. before swinging. A few individuals were 
treated with thiamin hydrochloride. This was given in a dose of 15 mgm. 
daily for two days before and on the day of testing. The volunteers were 
arranged in groups so that comparisons of certain mixtures could be made on 
the same individuals. It was possible to have 10 men treated by hyoscine 
(0.65 mgm.), R.C.N., and R.C.N.-amytal, on three successive tests. Similarly, 
another group, of 23 men, received R.C.N. and R.C.N. without niacin. The 
results obtained with these groups are listed separately, as well as the com- 
plete results, in Table IV. 

It may be seen from the table that many of the treatments used were quite 
effective in preventing sickness. Hyoscine alone was definitely active, 
especially in the larger of the doses used. The R.C.N. mixture was the most 
potent combination and it may be seen that removal of the niacin did not 
alter the results. Similarly, in the comparative test on 23 men the mixture 
without niacin was slightly more active. Niacin when tested alone was 
inactive; in fact the average time of vomiting was definitely less than for the 
control, suggesting that this substance may have an adverse action. This 
result may be seen in Table V. R.C.N.-amytal was effective, but slightly 
less so than the R.C.N. mixture. In the group of 10 men tested with hyoscine, 
R.C.N., and R.C.N.-amytal, the number protected was the same although 
the number improved varied. Thiamin was found to be ineffective. A 
relation between the results with hyoscine and the R.C.N. mixture could be 
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TABLE IV 
THERAPEUTIC TESTS WITH HYOSCINE, R.C.N. REMEDY, ETC. 
Dose, No. Protected, | Improved, Total, 
Treatment mgm poor % % % 
Hyoscine HBr. 0.4 48 29.0 2.4 $1.1 
Hyoscine HBr. 0.65 28 50.0 50.0 50.0 
R.C.N. —_— 43 51.0 7.0 58.0 
R.C.N. without niacin — 25 40.0 20.0 60.0 
R.C.N.-amytal — a 41.0 13.5 54.5 
Nicotinic acid 1 17 0 0 0 
Thiamin 15 (daily) 5 0 0 0 
Tests on same individuals 
Hyoscine HBr. 0.65 10 60 0 60 
R.C.N. —- 10 60 10 70 
R.C.N.-amytal —_ 10 60 20 80 
R.C.N. 23 43.5 5 48.5 
R.C.N. without niacin 23 39.0 17.5 56.5 
TABLE V 
INDIVIDUAL TIME OF VOMITING AFTER VARIOUS TREATMENTS 
Hyoscine V-12 
Volunteer | Placebo | Placebo| V-12 V-14 V-15 V-16 Niacin 0.65 | (Reduced | 2 gr, 
No. 1st 2nd 3 gr.* 2 gr. 1 gr. 3 gr. | 100 mgm.| mgm. swing) | repeat. 
1 26 29 (33) (41) 28 11 
2 22 24 (30) = (35) 25 19 - os _ 
3 12 13 (30) 11 10 14 
4 6 12 (30) 17 22 8 
5 17 10 (30) 12 8 
6 19 26 17 (30) 17 9 
7 6 18 24 (30) _ 12 4 —- — 5 
8 18 24 31 -- (38) 20 10 — -- _ 
9 5 4 12 9 6 4 -- 
10 13 8 11 8 6 6 
11 9 9 6 6 5 2 
12 15 17 14 19 - 12 9 — -- -- 
13 13 13 8 13 11 7 
14 17 15 25 21 18 9 -- 
16 7 10 7 17 12 4 
17 18 17 25 ~- 17 12 
Average 14 15 16 11 14 15 8 
18 15 (30) (30) (30) 27 
20 14 = 12 (30) 19 9 
21 7 — 10 — — — _ (30) 28 19 
23 3 4 17 11 4 
24 8 8 8 4 10 


Note—Time in parentheses indicates men did not vomit. 
* Gr. = grains. 
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worked out by assuming that hyoscyamine possessed three-fifths of the 
activity of hyoscine. If one disregarded the other components of the 
mixtures it was found that the results fell roughly on a line in proportion to 
their calculated hyoscine content. In this case the niacin or amytal did not 
exert any beneficial effect. 

The side effects noted in these tests were slight and transitory. Most men 
receiving the larger dose of hyoscine and the various R.C.N. mixtures com- 
plained of dryness of the mouth. In many cases this was pronounced but 
only caused some inconvenience. Two individuals complained of blurring of 
vision. After nicotinic acid about one-third of the men had some blushing 
of the face. This was not noted when the drug was given in the enteric 
capsules. Many of the individuals who were protected stated that they had 
a numbness of the stomach and that the unpleasant sensations experienced in 
their control test were prevented. Those protected by V-12 did not have 
this curious numb sensation of the stomach. 


If these results are compared with those of Table III it is found that the 
most efficient remedy tested was the larger dose of V-12 and hyoscine, giving 
70% protection, although V-12 alone was approximately as active, protecting 
65%. The R.C.N. remedy protected 51% and the larger dose of hyoscine 
protected 50%. These were the next most active compounds. A mixture 
of the lower dose of V-12 and hyoscine was more effective than either drug 
alone. In this case some individuals were protected by one and not by the 
other. With the larger dose little difference was noted, since most individuals 
were then protected by both drugs. In tests on dogs it has been found that 
hyoscine has no protective action against motion sickness. This would 
suggest that the action of hyoscine and barbiturates are probably of a different 
nature. Theoretically, therefore, a mixture might be expected to be the most 
effective form of therapy. As previously stated, increased effectiveness might 
be found if pretreatment with V-12 could be commenced 24 hr. before the 
exposure to motion. It is believed that the single doses used in these experi- 
ments have been the maximum that would be tolerated without giving rise 
to an undesirable number of side effects. 


In order to give some indication of the typical results obtained after treat- 
ment on the same group of individuals, a protocol showing the full details of 
a set of experiments on 25 men has been listed as Table V. 


In Table V may be seen the type of results that were obtained and reported 
in this paper. In some cases it may be noted that certain individuals were 
protected by one barbiturate but not by another. The average times of 
vomiting of the first 17 men has been listed. The times may be seen to be 
very constant except in the case of treatment with niacin. As referred to 
above, it seemed that this substance caused the men to vomit more rapidly. 
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THE EFFECT OF RIBOFLAVIN DEFICIENCY ON RENAL DAMAGE 
DUE TO SULPHANILYLGUANIDINE IN THE ALBINO RAT! | 


By Joun A. ZIEGLER? 


- Abstract 


Certain intestinal bacteria can synthesize some of the B vitamins, and others 
may synthesize vitamin K. In an attempt to deprive rats, maintained on a 
riboflavin deficient ration, of riboflavin that might have been synthesized in the 
intestine, sulphanilylguanidine (sulphaguanidine) was fed with the diet at a level 
of 0.75% for 78 days. Four groups of animals were used. The control group 
was maintained on the basal ration; Group 2 on the basal ration plus 0.75% 
sulphaguanidine; Group 3 on the riboflavin deficient ration; and Group 4 on 
the riboflavin deficient ration plus 0.75% sulphaguanidine. Growth curves, 
clotting times, red cell counts, and sulphonamide concentrations in blood, urine, 
and faeces were determined and chemical analyses of urinary calculi were 
performed. In addition, microscopic examinations of liver, spleen, kidney, 
and cornea were made in each animal. Sulphaguanidine added to the basal 
ration had a negligible effect on growth, but when added to the riboflavin 
deficient ration a cessation of growth occurred accompanied by anaemia and 
hypoprothrombinaemia. The symptoms of vitamin deficiency disappeared 
upon administration of 2-methyl-1,4-naphthoquinone. Renal damage was 
observed in every rat that had received mapa rae and was especially 
severe in the animals comprising Group 4. Urinary calculi were found only in 
those animals that had received sulphaguanidine and the incidence was highest 
in Group 4. The data indicate that the symptoms of riboflavin deficiency can 
be aggravated by sulphaguanidine and conversely that the toxic effects of 
sulphaguanidine may be aggravated by riboflavin deficiency. 


Introduction 


Sulphanilylguanidine (sulphaguanidine) has found rather widespread clinical 
utility as an intestinal antiseptic agent. Although like sodium sulphanilyl- 
sulphanilate, N’-(2-hydroxyethyl) sulphapyridine, N’-diglycolsulphapyridine, 
and others, sulphaguanidine is appreciably water soluble, it is but poorly 
absorbed from the intestine. This property permits a high concentration of 
the sulphonamide to be maintained in the intestinal tract with a coincident 
low blood concentration of the drug due to prompt excretion by the kidneys. 

It is known that certain normally present intestinal bacteria are able to 
synthesize some of the B vitamins (2), and that others may synthesize vitamin 
K (10, 12). It had been observed that weanling rats placed on our riboflavin 
deficient ration grew too rapidly in the supposed absence of riboflavin, and 
it was suspected that a significant amount of refection had occurred. Firor 
and Poth (5) have shown that in patients whose intestinal mucosa was intact, 
the administration of adequate dosesof sulphaguanidine nearly always resulted 
in a profound decrease in the number of intestinal coliform bacteria. It was 
therefore decided to attempt to inhibit the intestinal synthesis of riboflavin 
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in rats by chronic dosage with sulphaguanidine. Ina preliminary experiment 
several rats were placed on a riboflavin deficient ration containing various 
petcentages of sulphaguanidine and the growth curves were determined. 
Slowing and cessation of growth were indeed obtained, but those animals that 
had been maintained on the ration containing 2% of the sulphonamide died 
in three to four weeks. At autopsy, all the animals showed urinary calculi 
that were found to contain a high percentage of sulphonamide. Renal 
damage was severe in all cases and several animals displayed complete hydro- 
nephrosis. Several rats maintained on the ration containing 1% of the 
sulphonamide died, while there were no deaths when sulphaguanidine was 
fed at the 0.5% level. 


It was therefore decided ,to fix the concentration of the sulphonamide in 
the ration at 0.75%. 


Methods 


Weanling Wistar strain albino rats of mixed sexes were placed on various 


diets, as indicated below, for a period of 78 days. All diets consisted of 
modifications of the basal ration. 


Basal ration (Diet 1): 


Dextrin 72 Salt mixture + 

Labco casein 18 Alpha tocopherol 0.3 

Lard 3 Oleum percomorpheum 0.1 

Corn oil 3 Vitamin supplement* 

* Vitamin supplement for each kgm. of basal ration. 

Choline chloride 2.0 gm. Pyridoxine 3.0 mgm. _ 
Niacin 50.0 mgm. Thiamin 3.0 mgm. 
Pantothenic acid 10.0 mgm. Riboflavin 3.0 mgm. 


Diet 2: Basal ration + 0.75% sulphaguanidine. 
Diet 3: Basal ration without riboflavin. 
Diet 4: Diet 3 + 0.75% sulphaguanidine. 


Group 1 


Five males and five females, all litter mates, were placed on Diet 1 at 21 
daysofage. For the duration of the experiment each rat was weighed weekly, 
and red cell counts and clotting time determinations were made at three 26 
day intervals. After 78 days on the diet the rats were anaesthetized with 
nembutal and the eyes, liver, spleen, and kidneys were removed for micro- 
scopic examination. 


Group 2 


Five males and five females, all litter mates, were similarly placed on Diet 2 
at 21 days of age. Weights were taken each week, red cell counts, clotting 
times, and blood sulphaguanidine levels were all determined at 26-day 
intervals. In addition, at seven-day intervals, three males and three females 
were kept in metabolism cages and 24-hr. specimens of urine and faeces were 
collected for sulphaguanidine determinations. At the termination of the 
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experiment, the animals were anaesthetized with nembutal and the eyes, 
liver, spleen, and kidneys were removed for examination. 


Group 3 


Five males and five females were placed on Diet 3 and were treated in the 
same manner as those in Group 1. 


Group 4 


Seven males and seven females were placed on Diet 4 and were treated in 
the same manner as those in Group 2. During the experiment two males and 
one female from Group 4 died and were discarded after autopsy in order not 
to confuse the microscopical findings with post-mortem changes. 


Clotting times (‘‘prothrombin times’’) were determined by the method of 
Ziffren et al. (14), the red cell counts by the usual haemocytometer method. 
Free and acetylated sulphaguanidine were determined in the blood and in 
the urine by a micro modification of the method of Bratton and Marshall 
(1, 9). Blood samples were taken directly from the hearts of the anaesthe- 
tized animals. In cases where urinary calculi were found at the conclusion 
of the experiment, the stones were removed, dried, weighed, and finely ground. 
Sulphaguanidine determinations were made and the murexide, xanthine, 
phosphate, and carbonate qualitative tests were performed whenever possible. 

Sections were made from the livers, kidneys, and spleens, and the corneas 
were dissected from the eyes and stained by the method of Ziegler (13). 


Results 


The weight gains for the four groups of animals for the 78 day period of 
the experiment are shown in Table I. Each gain represents the average for 


TABLE I 
AVERAGE GAINS IN WEIGHT DURING 78 DAYS 
Net weight gain, gm. 
Group 
Males Females 
1 163 150 
2 149 131 
3 100 82 
4 24 19 


all the animals in each group. It will be observed that although the animals 
grew satisfactorily on the basal ration, when riboflavin was withdrawn, a 
reduced growth resulted, and when sulphaguanidine was added to the ribo- 
flavin deficient ration a cessation of growth occurred, to be followed by a 
severe premortal loss in weight. Sulphaguanidine added to the basal ration 
had a negligible effect on growth. 
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It is interesting to remark that the animals in Group 4, in contrast to those 
in other groups, showed a marked hyperexcitability and fierceness, resisting 
by biting any attempt to handle them. There was also a late muscular 
weakness, especially of the flexors of the hind limbs. Two of the males and 
three of the females of Group 3 showed patches of denudation bilaterally 
symmetrical and typical of riboflavin deficiency, but none of these showed 
any gross ocular changes. All the animals in Group 4 on the other hand 
showed marked denudation of the bedy and limbs, and in particular, areas of 
denudation 6 to 8 mm. in diameter about the eyes. Bloody, serous exudates 
had dried about the eyes and at the nasal openings. During the few instances 
when the rats were handled for taking the blood samples, one had the 
impression that the body temperature was lower than that of the other 
groups, although unfortunately it was not actually determined. 


The red blood cell counts of Groups 1, 2, and 3 were but little affected by 
the diets on which the respective groups were maintained. 


Group 4 on the contrary showed a very marked decrease in red cell count 
and a wide variation in size and staining of the cells indicative of a fairly 
severe anaemia. One male (Rat 34) and one female (Rat 41) animal with- 
drawn from the diet at 78 days and placed on the basal ration with the addition 
of 3 mgm. of 2-methyl-1,4-naphthoquinone per kgm. of diet for a further 
30 days had nearly normal red cell counts at the end of this time. 

As with the red blood cell counts, the clotting times (“‘prothrombin times’’) 
in Groups 1 and 3 remained sensibly unaltered throughout the experiment. 
The clotting times (‘prothrombin time”) for Group 2 changed from an 
average of 38 sec. at the start to 54 sec. at 78 days, The results obtained by 
the method employed were so variable that the significance of this increase 
is doubtful. In Group 4 the clotting time increased from 36 sec. at the start 
to 92 sec. at 78 days and it is felt that this is a significant change. Rats 34 
and 41 (of Group 4) after being placed on the basal ration plus 2-methyl- 
1,4-naphthoquinone for 30 days showed a return to 39 sec. of the clotting time. 
It is therefore likely that a condition of hypoprothrombinaemia was induced 
by depriving the animals of the vitamin K normally synthesized by the 
intestinal bacteria. The anaemia observed in Group 4 is in accord with the 
work of others (11, 6) who have reported granulocytopenia and anaemia in 
rats maintained on diets containing different sulphonamides, and that these 
symptoms were due to a lack of folic acid in the ration (3). 

The most commonly observed gross lesions were those of denudation in 
Groups 3 and 4, the accumulation of serous exudates about the nose and eyes 
of the animals in Group 4, and haemorrhages into the stomach in 40% of 
Group 4. These pathological changes were not observed in any of the animals 
of Groups 1 and 2. : 

The microscopic findings were as follows. The spleens in all groups showed 
relatively little change. There was a small amount of haemosiderin deposited 
in the Kupffer cells of the livers of the animals in Group 4. Of the rats on 
the riboflavin deficient ration (Group 3), the corneal lesions of ariboflavinosis 
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were observed in but 50%. It is true that nearly all the rats in this group 
showed some degree of limbic congestion, but well-marked corneal vasculariza- 
tion in which all the vessels were blood-filled was seen in only 5 out of 10 rats. 
By contrast, all the animals in Group 4 showed pronounced limbic congestion 
and corneal vascularization. 

Renal damage of some degree was observed in every animal that had 
received sulphaguanidine. The kidneys of Groups 1 and 3 were essentially 


‘normal in every case. Those of Group 2 showed changes varying from a 


slight cloudy swelling to a slight degeneration of the cells of the convoluted 
tubules. All of the kidneys of the animals of Group 4 showed appreciable 
degeneration, including cloudy swelling and marked desquamation of the cells 
lining the convoluted tubules, hyaline droplets in the cells of the tubules, 
engorgement of the blood vessels, casts in the lumens of the tubules, extravasa- 
tion of red blood cells into Bowman’s capsule and proximal tubules, and 
increased interstitial fibrous tissue in the cortex. Several kidneys were almost 
completely necrotic and hydronephrosis was observed in 10% of the animals. 
The microscopic findings are summarized in Table II. 


TABLE II 
SUMMARY OF MICROSCOPIC FINDINGS 
Percentage of rats showing: 
Renal damage 
Group . K i. in Degenera- | Engorge- Casts Increased 
1 am Cloudy | tion of cells} ment of and RBC* | interstitial Hydro- Necrosis 
oo swelling of conv. blood in fibroustissue| nephrosis 
tubules vessels tubules in cortex 
1 0 0 0 0 0 0 0 0 
+2 10 60 50 30 0 10 0 0 
3 0 0 0 10 0 0 0 0 
4 20 100 80 65 40 40 10 30 


* RBC = red blood cells. 


Urinary calculi were found in many cases, but only in those animals that 
had been fed sulphaguanidine. Calculi were not observed in either Group 1 
or Group 3. The chemical analyses of the calculi are collected in Table III. 


Discussion 


Coprophagy has been observed to occur in our animal colony. This 
practice undoubtedly accounts for the unexpected growth of animals main- 
tained on a riboflavin deficient ration since riboflavin in appreciable concentra- 
tions has been found in the faeces of animals maintained on this ration. Even 
the use of coarser screens in the animal cages fails to remove entirely the 
possibility of refection. 

Escherichia coli has been shown to synthesize riboflavin in vitro (2) and we 
have demonstrated the presence of this coliform bacterium, among others, 
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TABLE III 


SUMMARY OF CHEMICAL ANALYSES OF CALCULI 


Chemical analyses* 
Free Acetyl Qualitative test 
calculi Murexide** | Xanthine** |Carbonate** 
2 4 3.5 20 6.4 46 a _ _ 
1.4 17 6.5 
6.8 12 3.0 22 + - - 
23 29 - - 
4 7 2.0 13 4.7 17 
: 1.3 19 5.0 
4.5 1.6 + 
6.1 24 14 + - 
5.3 26 8.4 31 - - + 
3.3 11 4.2 32 a 
8.6 14 4.9 26 _ 


* Tests were not performed when space is left blank. 
** +. Indicates a positive qualitative test; — indicates a negative qualitative test. 


regularly in the faeces of the rats maintained either on the basal or on the 
riboflavin deficient rations. For this reason, it is probably impossible, by 
means of a deficient or riboflavin free ration, to obtain an absolute degree of 
riboflavin deficiency since the rat absorbs appreciable quantities of intestinal 
riboflavin of bacterial origin. 


The use, however, of a bacteriostatic agent in concentrations sufficient to 
inhibit the growth of riboflavin-synthesizing bacteria in the intestinal tract 
permits a new approach to the problem of riboflavin deficiency. It is neces- 
sary, of course, for the inhibiting agent to be present in concentrations that 
will cause bacteriostasis without being toxic to the host. No claim is made 
that such a condition obtained in this experiment. Indeed, in view of the 
high incidence of renal damage, it is more than likely that toxic concentrations 
of the sulphonamide existed. The ideal would be to establish and maintain a 
concentration of the sulphonamide in the intestine just sufficient to provide 
a stool free of riboflavin synthesizing organisms. The sulphonamide require- 
ment for this condition would likely increase with the animal’s age and with 
the ability of the riboflavin synthesizing bacteria in the intestine to produce 
sulphonamide resistant mutants. This is under investigation at present. 
That inhibition of riboflavin synthesis in the intestine had actually occurred 
was proved by the fact that the animals in Group 4 excreted about 1/10th 
as much faecal and urinary riboflavin as the animals in Group 3. Later 
experiments with rats on Diet 4 indicated that the count of coliform organisms 
in the faeces had been markedly decreased. 


Determinations of the sulphaguanidine levels in the blood of the experi- 
mental animals of Groups 2 and 4 showed that a relatively constant level was 


| 
<a | 
} 
i 
| 
4 
4 


ZIEGLER: EFFECT OF RIBOFLAVIN DEFICIENCY ON RENAL DAMAGE 29 


maintained under the conditions of chronic dosage, until severe renal damage 
had occurred. At this point the sulphonamide level rose appreciably indicat- 
ing that the kidneys had lost their ability to excrete the drug and that it was 
piling up in the blood. That this was so was indicated by examination of the 
bloods of the three animals in Group 4 that died before the end of the experi- 
ment. At death the free sulphaguanidine level in the blood of these animals 
was more than 10 times as high as the level in the living animals of the same 
group. At the same time the level of the conjugated sulphonamide rose four 
to nine times as high as the others indicating that the liver, which is presum- 
ably the site of acetylation of the drug, still possessed a high ability to con- 
jugate the drug even at death due to toxic concentrations of the agent. 


Examinations of the urine of those animals that had been kept periodically 
in metabolism cages indicated that the rat is able to acetylate sulphaguanidine. 
Both free and combined sulphaguanidine were isolated from the urines of 
these animals and purified by recrystallization. The melting points of the 
anhydrous compounds were determined and were found to be: free sulpha- 
guanidine, 189° C.; conjugated sulphaguanidine, 265° to 268° C. These agree 
well with the values reported by Marshall et al. (8) for synthetic sulpha- 
guanidine and acetylsulphaguanidine, respectively. The specific morphology 
of the urinary crystals agreed with that described by Lehr and Antopol (7) 
for sulphaguanidine. Moreover, hydrolysis at 100°C. of a sample of con- 
jugated sulphaguanidine with 6N hydrochloric acid for 30 min. gave very 
closely the calculated amount of the free sulphonamide to be expected from 
the acetyl derivative. 

It is interesting to observe that nearly all of the calculi were mixed stones 
containing a high proportion of phosphates. In those rats from which it was 
possible to obtain a urine specimen directly from the bladder at the termina- 
tion of the experiment, haematuria was always observed when calculi were 
present. Furthermore, many epithelial and red blood cells were visible under 
microscopic examination of the urine. In two rats of Group 2 and four rats 
of Group 4 not showing calculi, epithelial and red blood cells were found in 
the urine as evidence of renal disturbance. The microscopic findings on the 
spleen, liver, and kidney are in agreement with the results on other sulphona- 
mides (4). 

Vascularization of the cornea in experimental animals is an early symptom 
of ariboflavinosis only when it occurs under controlled conditions. The writer 
has shown, and will report later, that vascularization can be produced in an 
animal receiving and utilizing an adequate intake of riboflavin, and in the 
absence of other symptoms of riboflavin deficiency, the aetiological factor in 
such an instance is always a trauma of chemical, physical, or physiological 
nature. Only 50% of the animals on the riboflavin deficient ration developed 
a genuine corneal vascularization, whereas of those on the riboflavin deficient 
ration plus sulphaguanidine, 100% developed the lesion. No empty vessels 
were observed in the corneas of this group and it is believed that all of them 
were active, blood filled vessels (13). 
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In consideration also of the other symptoms of riboflavin deficiency in the 
rat such as dermatitis, denudation, and the secretion of bloody tears, we may 
conclude that sulphaguanidine aggravates a chronic riboflavin deficiency 
presumably by depriving the organism of the source of riboflavin ordinarily 
present by synthesis from intestinal bacteria. The ocular and dermatological 
lesions are accentuated. Conversely, riboflavin deficiency seems to aggravate 
the severity of renal damage due to chronic sulphaguanidine dosage. 


Acknowledgment 


The writer wishes to express his gratitude to Professor T. F. Nicholson of 
this Department for his help with the microscopical examination of the kidney 
sections. 

References 


. Bratton, A. C. and MARSHALL, E. K., Jr. J. Biol. Chem. 128 : 537-550. 1939. 

. BURKHOLDER, P. R. and McVeicH, I. Proc. Natl. Acad. Sci. U.S. 28 : 285-289. 1942. 
Dart, F. S. and SEBRELL, W. H. U.S. Pub. Health Repts. 58 : 1542-1544. 1943. 

, ees K. M., KornsBerG, A., and Dart, F.S. U.S. Pub. Health Repts. 59 : 49-54. 


. Frror, W. M. and Porn, E. J. Ann. Surg. 114 : 663-671. 1941. 
. KorNBERG, A., Dart, F. S., and SEBRELL, W. H. Science, 98 : 20-22. 1943. 
. Lenr, D. and AntopoL, W. Am. J. Clin. Path. 12 : 200-209. 1942. 


. MarsHa_t, E. K., Jr., Bratton, A. C., WHITE, H. J., and LiITcHFIELD, J. T., Jk. Bull. 
Johns Hopkins Hosp. 57 : 163-188. 1940. 


Jr., LitcHFIEp, J. T., JR., and Waite, H. J. J. Pharmacol. 69 : 89- 
102. 1940. 


. ORLA-JENSEN, S., ORLA-JENSEN, A. D., Dam, H., and GLavinp, J. -Zentr. Bakt. Para- 
sitenk. II, 104 : 202-204. 1941. (Chem. Zentr.1:1155. 1942.) 


11. Spicer, S.S., Dart, F.S., SEBRELL, W. H., and AsHpurN, L. L. U.S. Pub. Health Repts. 
57 : 1559-1566. 1942. 


12. Wuite, H. J. Bull. Johns Hopkins Hosp. 71 : 213-234. 1942. 
13. ZreGLER, J. A. Can. J. Research, E, 23 : 115-118. 1945. 


14, ZirFREN, S. E., OWEN, C. A., HoFFMAN, G. R., and Smita, H. P. Am. J. Clin. Path. 10, 
Tech. Supp. 4 : 13-16. 1940. 


i 
| 
——_ 
i 
| 
i 
| 
} 
i i 
i 
| 
a | 
| 
| 
| 


31 


A COMPARISON OF THE EFFICACY OF DIFFERENT 
INFUSION MEDIA IN SHOCK! 


By JEAN I. Hamitton’, W. S. Hoar’, anp R. E. Hartst* 


Abstract 


A procedure is described for comparing the effectiveness of different infusion 
media in the prevention of fatal shock. Using this procedure it was found that 
each of the solutions increased the chances for survival if given in adequate 
amounts early in shock. While 97% of the animals died without treatment, 
only 8% died after receiving a transfusion of plasma. Saline gave about one- 
third as many survivals as plasma, and the solutions of isinglass and polyvinyl 

- alcohol were intermediate in their effectiveness. 


A reliable comparison of the efficacy of different infusion media in shock is 
dependent upon the development of standard test procedures. Tests con- 
cerning the physical characteristics of the solutions are valuable as checks on 
the uniformity of different samples, but they do not give dependable informa- 
tion concerning the effectiveness of the material in the animal. The funda- 
mental tests must concern the action of the various solutions in the organism 
itself. Various criteria such as survival or death, prolongation of survival 
time or maintenance of blood pressure during the period of infusion might 
serve as indications of effectiveness. Fundamentally, however, promotion of 
survival is the criterion of prime importance in work on shock. A comparison 
of effectiveness can be made if, with no treatment, all or nearly all the animals 
die in shock, whereas with the infusion of different media the number of 
survivals is increased, the increase being different for the various solutions. 

Using a pressure cuff technique for the production of shock (1), 97% of the 
animals died when not treated. After shock had become well established, the 
infusion of different materials gave variable and generally unsuccessful results. 
It was found, however, that if the infusion of a suitable-material was begun 
early enough, before shock had developed, and was given in sufficient quanti- 
ties, many of the animals recovered. Since most of the untreated animals 
died and most of the animals treated with plasma recovered, it seemed that 
this procedure might be of value in comparing the efficacy of different infusion 
media in the prevention of fatal shock. 


Methods 


Dogs anaesthetized with sodium pentobarbital were shocked by the applica- 
tion of blood pressure cuffs to both hind legs. The pressure in the cuffs was 
maintained above 230 mm. Hg for five hours (1). Just before removing the 
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cuffs an intravenous infusion into the brachial vein was begun. The amount 
of fluid administered varied somewhat in the first few animals, but subse- 
quently the amount given was 50 cc. per kgm. of body weight. The carotid 
artery was cannulated and direct blood pressure records obtained. Soon 
after the infusion was completed, the carotid artery was ligated, the incision 
in the neck was sewn up, and the dog returned to its cage. Survival for 48 hr. 
was used as a criterion of recovery from shock. Any arbitrary criterion such 
as this leaves some doubtful borderline cases, but complete recovery is not 
a suitable criterion since the legs of these animals often become gangrenous 
in three to four days and complicate the study. 


Four different infusion media were tested.. These were saline, plasma, 
isinglass, and polyvinyl alcohol. Twelve dogs were tested with each solution. 

The saline was given as a 0.85% solution. The plasma was fresh dog 
plasma. In four cases citrate was the anticoagulant and in the remainder 
heparin was used. No differences were noted when the different anti- 
coagulants were used. The isinglass was a ‘“‘Simple Process”’ solution prepared 
by the Connaught Laboratories according to the method of Dr. N. B. Taylor. 
It is a 6% solution of isinglass in physiological saline. Polyvinyl alcohol 
(RH 623) was given as a 4% solution in physiological saline*. It was prepared 
according to the method of Roome (5). 


Results 


Details of these experiments are given in Table I. When 50 cc. per kgm. 
of body weight of different materials were infused, the following results were 
obtained (Table II): saline, 33% survival; isinglass, 50%; polyvinyl] alcohol, 
58%; plasma, 92%. In a previous series of untreated shocked dogs, only 1 
of 34 (less than 3%) survived for 48 hr. if no treatment was given. (The 
average survival time for untreated animals was three hours, 20 min.). Thus 
any of the infusions increased the chances of recovery but saline was the least 
effective. Plasma gave a very good incidence of survival. The other col- 
loidal solutions used were intermediate in their effectiveness. 


It is interesting to compare the ability of the different media to maintain 
the arterial blood pressure (Table I). In untreated dogs the blood pressure 
usually falls quickly after removal of the cuffs. In the infused animals the 
isinglass and polyvinyl alcohol were most effective in maintaining blood 
pressure, and saline least effective. The average reduction in blood pressure 
during the infusion was 35 mm. mercury with polyvinyl alcohol, 36 mm. with 
isinglass, 51 mm. with plasma, and 67 mm. with saline. 

The plasma, although very effective in promoting survival, was somewhat 
less effective in maintaining blood pressure during the infusion period than 
was isinglass or polyvinyl alcohol. Hence there appears to be no necessary 
correlation between the ability of an infusion medium to bring about recovery 
from shock and its effectiveness in maintaining the arterial blood pressure. 


* Inclusion of this material was made at the suggestion of Dr. N. Roome, 
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TABLE I 
RESULTS OF INFUSION OF VARIOUS MEDIA IN SHOCKED DOGS 
Blood pressure, 
eight mount or 
kgm. Infusion material infused, | infusion,| Before | At time Survival 
cc. min. cuffs | infusion 
off stopped 
7.0 | Saline (0.85%) 300 35 160 142 3 hr. 
22.4 | Saline (0.85%) 900 90 160 120 S oa 
7.5 | Saline (0.85%) 300 35 172 80 
7.4 | Saline (0.85%) 500 60 224 112 Less ‘than 12 hr. 
15.7 | Saline (0.85%) 780 60 200 154 
18.3 | Saline (0.85%) 900 55 135 54 pine than 15 hr. 
21.3 | Saline (0.85%) 1000 100 150 96 | Greaterthan 48 hr. 
17.0 | Saline (0.85%) 850 90 160 84 | Survived 
12.3 | Saline (0.85%) 610 60 150 102 Less than 15 hr. 
11.4 | Saline (0.85%) 570 50 198 142 | Less than 15 hr. 
15.8 | Saline (0.85%) 790 85 168 88 | 3 days 
14.2 | Saline (0.85%) 715 80 175 70 | Less than 15 hr. 
12.2 | Citrated plasma 500 50 134 110 | Survived 
8.8 | Citrated plasma 415 60 168 100 | Survived 
8.0 | Citrated plasma 400 35 166 60 | Survived 
14.3 | Citrated plasma 550 60 154 110 | Survived 
8.4 | Heparinized plasma 320 35 186 152 | 48 hr. 
9.6 | Heparinized plasma 480 60 160 104 | Survived 
6.3 | Heparinized plasma 300 30 165 118 | Survived 
5.0 | Heparinized plasma 250 25 192 158 | Less than 14 hr. 
7.0 | Heparinized plasma 350 60 157 102 | Survived 
7.0 | Heparinized plasma 350 45 164 104 | Survived 
10.6 | Heparinized plasma 530 65 206 154 | Survived 
8.2 | Heparinized plasma 410 40 162 136 | Survived 
17.5 Isinglass. 6% in 
physiol. saline 900 90 160 110 | Survived 
14.6 a, 6% in 
physiol. saline 750 70 168 108 | Less than 15 hr. 
11.0 | Isinglass, 6% in ’ : 
physiol. saline 500 70 154 112 | Less than 15 hr. 
12.6 Isinglass, 6% in 
physiol. saline 650 75 200 156 | Less than 15 hr. 
6.8 Isinglass, 6% in 
physiol. saline 340 45 172 138 | Less than 15 hr. 
11.4 Isinglass, 6% in 
physiol. saline 570 50 148 108 | Less than 15 hr. 
9.8 Isinglass, 6% in : 
physiol. saline 500 80 144 116 | Survived 
8.1 a. 6% in 
physiol. saline 405 75 178 130 | Survived 
12.1 Isinglass, 6% in 
physiol. saline 605 85 160 126 | Survived 
10.3 | Isinglass, 6% in 
physiol. saline 515 70 172 175 | Survived 
14.1 Isinglass, 6% in 
physiol. saline 705 90 194 164 | Survived 
13.6 Isinglass, 6% in 
physiol. saline 680 70 162 138 | Less than 15 hr. 
9.0 | Polyvinyl alcohol, 4% 
in physiol. saline 500 120 174 132 | 46 hr. 
10.5 | Polyvinyl alcohol, 4% 
in physiol. saline 500 85 178 113 | Survived 
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TABLE I—Concluded 
RESULTS OF ‘INFUSION OF VARIOUS MEDIA IN SHOCKED poGs—Concluded 


Blood pressure, 
eight, mount or 
kgm. Infusion material infused, | infusion,| Before | At time Survival 
ce. min. cuffs | infusion 
off stopped 
9.2 Polyvinyl alcohol, 4% 
in physiol. saline 500 120 185 158 | Survived 
22.4 | Polyvinyl alcohol, 4% 
in physiol. saline 900 120 150 112 | Survived 
19.3 | Polyvinyl alcohol, 4% 
in physiol. saline 800 115 150 86 | 12 hr. 
13.8 | Polyvinyl alcohol, 4% 
in physiol. saline 650 100 162 152 6 days 
9.8 | Polyvinyl alcohol, 4% , 
in physiol. saline 490 80 183 152 | Survived 
9.4 | Polyvinyl alcohol, 4% 
in physiol. saline 480 70 164 154 | 30 hr. 
8.8 | Polyvinyl alcohol, 4% 
in physiol. saline 440 70 158 130 | 30-48 hr. 
11.9 | Polyvinyl alcohol, 4% 
in physiol. saline 580 70 180 174 4 days 
9.7 | Polyvinyl alcohol, 4% 
in physiol. saline 485 65 168 110 | Survived 
18.2 | Polyvinyl alcohol, 4% 
in physiol. saline 110 150 120 | 30 hr. 
TABLE II 


SUMMARY OF RESULTS WITH DIFFERENT INFUSION MEDIA 


Number Percentage 
Infusion material Number of dogs surviving surviving 
48 hr. or longer | 48 hr. or longer 


Physiological saline 12 4 33 
Dog plasma 12 11 92 
Isinglass, 6% in physiological saline 12 6 50 
Polyvinyl alcohol, 4% in physio- 

logical saline 12 7 58 


Recovery of the animals would thus seem to be a better criterion of the 
effectiveness of therapy than the maintenance of arterial blood pressure during 
the infusion period. 


Discussion 


A comparison of blood substitutes in an otherwise fatal haemorrhage was 
studied in a large series of dogs by Ivy and his associates (2). They found 
that heparinized plasma was very effective, giving 94% recovery, but that 
saline gave only 42% recovery and gelatine 60%. They emphasized that 
these results were only applicable in cases of massive haemorrhage where no 
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haemoconcentration was found. It is interesting that our results for a type 
of pressure shock in which little or no whole blood is lost and the haemo- 
concentration is great, are very similar to those of Ivy. 


Taylor and Moorhouse (7) obtained complete recovery in 19 of 25 dogs 
given isinglass after a severe haemorrhage, but neither isinglass nor whole 
blood was effective in traumatic shock when the blood pressure had fallen 
to 50 mm. Hg. Mylon and his associates (4) found that citrated plasma was 
much more effective than saline in tourniquet shock in dogs; 78% recovered 
with citrated plasma, 10% with saline. Scott, Worth, and Robbins (6), 
however, obtained 50% recovery from shock produced by venous occlusion 
with infusion of 25 cc. of saline, pectin, plasma, gelatine, or polyvinyl! alcohol 
per kgm. of body weight. Locke (3) gave infusions to shocked rats and ob- 
tained 65% survival with polyvinyl alcohol, 40% with saline and only 25% 
with plasma and with isinglass. 

These reports indicate some of the differences in the results obtained by 
various groups in treating shock. While some of these variations are probably 
due to differences in the species studied and in the methods of producing 
shock, some of the variations result from differences in the times at which the 
infusions were started and differences in the amounts given. It seems desir- 
able to have a testing procedure in which practically all animals die if they 
are not treated, but in which suitable treatment will keep a very large propor- 
tion alive. If even the best treatment available will save only 50% or less 
of the animals, then the test seems too severe. The method presented in this 
paper meets these requirements, since only 3% of the animals lived without 
treatment, whereas 92% lived following the infusion of plasma. A good 
comparison of the effectiveness of other materials with plasma can be made. 


Acknowledgment 


We wish to thank Professor C. H. Best for his interest and help in this 
work, and the National Research Council of Canada for a grant-in-aid. 


References 


. Hamitton, J. I. and Hatst, R. E. Can. J. Research, E, 23 : 89-103. 1945. 


. Ivy, A. C., GREENGARD, H., Strern, I. F., Gropins, F. S., and Dutton, D. F. Surg. 
Gynecol. Obstet. 76 : 85-90. 1943. 


3. Locke, W. Science, 99 : 475-476. 1944. 
4. Myton, E., WINTERNITZz, M. C., and pE Stté-Nacy, G.I. Am. J. Physiol. 139 : 313-324. 


1943. 
5. Roome, N. W., Ruttie, L., WitttaMs, L., and SmirH, W. Can. Med. Assoc. J. 51: 
293-299. 1944. 


. Scott, C. C., WortH, H. M., and Rossins, E. B. Arch. Surg. 48 : 315-318. _ 1944. 
. Taytor,-N. B. and Moornouse, M.S. Can. Med. Assoc. J. 49 : 251-262. 1943. 


| 
| 


CANADIAN JOURNAL OF RESEARCH 


Notes on the Preparation of Copy 


GENERAL:—Manuscripts should be typewritten, double spaced, and the gost 
and at least one extra copy submitted. Style, arrangement, spelling, and abbre- 
viations should conform to the usage of this Journal. Names of all simple com- 
pounds, rather than their formulae, should be used in the text. Greek letters or 
unusual signs should be written ay or explained by marginal notes. Super- 
scripts and subscripts must be legible and carefully placed. Manuscripts should be 
carefully checked before being submitted, to reduce the need for changes after the 
type al been set. All pages, whether text, figures, or tables, should be 
num 4 


ABSTRACT:—An abstract of not more than about 200 words, indicating 
the scope of the work and the principal findings, is required. 


ILLUSTRATIONS: 


(i) Line Drawings:—All lines should be of sufficient thickness to reproduce well. 
Drawings should be carefully made with India ink on white drawing paper, blue 
tracing linen, or co-ordinate paper ruled in blue only; any co-ordinate lines that 
are to appear in the reproduction should be ruled in black ink. Paper ruled in 
green, yellow, or red should not be used unless it is desired to have all the 
co-ordinate lines show. Lettering and numerals should be neatly done in India ink 
preferably with a stencil (do not use oer, ol and be of such size that they 
will be legible and not less than one millimetre in height when reproduced in a cut 
three inches wide. All experimental points should be carefully drawn with instru- 
ments. Illustrations n not be more than two or three times the size of the 
desired reproduction, but the ratio of height to width should conform with that of 
the type page. The original drawings and one set of small but clear photo- 
graphic copies are to be submitted. 


(ii) Photographs:—Prints should be made on glossy paper, with strong contrasts; 
they should be trimmed to remove all extraneous material so that essential features 
only are shqgwn. Photographs should be submitted in duplicate; if they are to be 
reproduced in groups, one set should be so arranged and mounted on cardboard 
with rubber cement; the duplicate set should be unmounted, 


(iii) General:—The author’s name, title of paper, and figure number should 
be written on the back of each illustration. Captions should not be written 
on the illustrations, but typed on a separate page of the manuscript. All figures 
finctding each figure of the plates) should be numbered consecutively from 1 up 
arabic numerals), Each figure should be referred to in the.text. 


TABLES:—Titles should be given for all tables, which should be numbered in 
Roman numerals. Column heads should be brief and textual matter in tables 
confined toa minimum, Each table should be referred to in the text. 


REFERENCES:—These should be listed alphabetically by authors’ om, 
numbered in that order, and placed at the end of the paper. The form 
literature citation should be that used in this Journal. Titles of papers should 
not be given in references listed in Sections A, B, E, and F, but must be 
given in references listed in Sections C and D. All citations should be 
checked with the original articles. Each citation should be referred to in the 
text by means of the key number; in Sections C and D the author’s name and the 
date of publication may be included with the key number if desired. 


The Canadian Journal of Research conforms in general with the practice outlined 
in the Canadian Government Editorial Style Manual, published by the Department 
of Public Printing and Stationery, Ottawa. 


Reprints 
Fifty reprints of each are supplied free. Additional reprints, if required, 


schedule of 


= 
4 
4 
. 
‘ig 


